INTRODUCTION
The management of asthma begins with perception of breathing difficulty, the cue for initiation of activities that reduce asthma. The experience of breathing difficulty arises from an increase in obstruction to air flow, a quantity that often is poorly perceived by asthma patients. Poor perception of air flow obstruction delays implementation of asthma management and has a negative impact on control of the disease. Asthma management measures performed late in the development of an attack may be less effective in controlling asthma than the same measures performed at an earlier time. For this reason, poor perception of air flow obstruction is a problem for asthma patients.
Lack of a strong relationship between objective and subjective measures of asthma is evidence that perception of air flow obstruction is poor in asthma patients. Children with asthma were unable to gauge pulmonary condition, measured as 1-second forced expiratory volume, with either a visual or a verbal asthma severity score (1) . A classification of pediatric patients according to ability to perceive respiratory obstruction placed most children in either the poor or intermediate category: only 7 of 37 children exhibited a correlation between subjective and objective measures of asthma above .60 (2) . A poor relationship was reported between objective and subjective measures of air flow obstruction in adult patients: in more than half the patients studied, the correlation between peak expiratory flow and a visual analogue score of asthma severity was not statistically significant (3) . In the extreme, adult patients whose asthma was difficult to control failed to notice breathing obstructions that reduced air flow by as much as half (4) .
Mechanical devices, in the form of pulmonary meters (5) (6) (7) , have been introduced to assist patients in monitoring air flow. By using meters, patients may test pulmonary function several times each day, and base asthma management decisions on the results of the tests. The procedure may enable a patient to detect the presence of an obstruction before breathing difficulty is experienced, and thereby intervene at an early stage of asthma.
Despite the appeal of pulmonary meters, daily testing is not recommended universally. A major concern is validity of daily testing. Although research has shown that use of a meter improved prediction of asthma (8, 9) , the benefits of using the meter have not been confirmed in practice (10, 11) . Apart from considerations of validity, use of the meter introduces logistical problems: the patient must have the meter on hand and have access to a suitable testing area. In some cases, the patient may need to keep records of pulmonary results. In addition, use of the meter presents some maintenance problems: the patient must clean the meter regularly, service it occasionally, and purchase disposable items such as mouthpieces routinely.
An alternative to use of pulmonary meters for monitoring air flow is to improve sensitivity of the patient to changes in air flow obstruction. Training improvement of this sort would render use of the meters superfluous. More importantly, sensitivity to changes in air flow obstruction would enable asthma patients to monitor breathing continuously, and with fewer problems than those presented by use of a pulmonary meter. The potential of training perception of air flow resistance has been recognized. The research has progressed along two lines: pulmonary function training (1, 12, 13) , and air flow resistance training. In this study, we were concerned exclusively with air flow resistance training in asthma patients.
Two approaches to air flow resistance training have been investigated: absolute threshold training, and difference threshold training. In both cases, training consisted of feedback for accuracy of judgments of respiratory sensations elicited by mechanical reduction of air flow during breathing. The air flow reductions were effected by resistive loads added to a breathing circuit. The resistive loads consisted of screens through which a subject breathed. The loads elicited respiratory sensations by altering the relationship between air pressure and air flow during breathing. The objective of training was to improve perception of added loads.
In absolute threshold training, individuals judged whether or not an external load was added to the breathing circuit. Feedback of performance in this task improved the ability of both asthma patients and healthy individuals to detect added loads (14) . In difference threshold training, individuals judged which of two circuits was easier to breathe through. Healthy individuals given feedback for judgments of relative difficulty of breathing improved in their ability to detect differences between added loads (15) . To facilitate discrimination, a fading procedure was used in conjunction with feedback of performance. Fading refers to presentation of discrimination tasks in order of increasing difficulty (16) . The effect of fading is usually evaluated against that of the same tasks presented in random order.
Training for improved sensitivity to differences in air flow resistance has not been conducted with asthma patients. Accordingly, we studied whether asthma patients can improve in their ability to detect differences between added loads after training which incorporated both feedback and fading procedures. In addition, we examined the relationship between improvement in detection ability and total respiratory resistance.
METHODS

Subjects
The participants in this study were 20 male and 25 female asthma patients who ranged in age from 18 to 24 years; their mean age was 19.6 years. They responded to our advertisement soliciting research participants with asthma. All participants were undergraduate students at Ohio University.
Prior to the study, each patient's asthma had been diagnosed by his or her private physician. We confirmed the diagnosis by ascertaining that each volunteer experienced asthma symptoms and was taking medications normally prescribed for asthma. The severity of asthma experienced by the subjects was generally in the mild to moderate range: 16 patients experienced asthma at least four times per month, 20 had between one and three asthma attacks per month, and 9 patients had asthma less than once per month. Frequency of asthma was fairly consistent with evaluations of asthma severity made by the patients: 41 patients described their asthma as either mild or moderate, and 4 patients described their asthma as severe. Of the 45 participants in the study, 42 experienced symptoms of wheezing, 40 experienced symptoms of chest tightness, 32 experienced symptoms of breathlessness, and 29 experienced symptoms of coughing. All patients used /3-agonist medications on an as needed basis. Thirty-one patients used asthma medications prophylactically. We instructed patients to adhere to their customary medication practices while they participated in the experiment.
Apparatus
For discrimination testing and training, subjects breathed through circuits which obstructed respiratory air flow. Air flow obstruction was produced by addition of screens to the breathing circuit. The screens were made of nylon cloth. The addition of nylon screens to the breathing circuit constituted a resistive load. We achieved loads of different values by using cloth of different mesh size. For each resistive load value, cloth with the appropriate mesh size was inserted between a section of standard PVC plumbing pipe and T-valve. The T-valve-pipe assemblies were connected to a Collins three-way stopcock and then, via flexible tubing, to the inspiratory port of a two-way Hans Rudolph valve. A Collins mouthpiece, through which the subject breathed, was connected to the mouthport of the valve. Switching between two added resistive loads was accomplished by changing the setting of the stopcock. The minimal resistance of the circuit was 1.6 cm H 2 0/L/sec. We described the breathing circuit and our calibration procedures in detail in a report of an earlier study (15) .
We used 11 resistive loads. We calculated the value of each resistive load by determining the ratio of the air pressure produced by known rates of air flow. For each resistive load, the relationship between air flow and air pressure was linear. We designated the load with the lowest resistive value the standard load. The standard load had a resistive value of 3.41 cm H 2 0/L/ sec. The remaining loads, designated comparison loads, had resistive values ranging between 3.83 cm H 2 0/L/sec and 7.67 cm H 2 0/L/sec. Differences between adjacent comparison loads were approximately equal.
Total respiratory resistance (R,) was measured by the forced oscillations method with a Landser air spectrum analyzer (17) . The device pulsated air at each even-numbered frequency between 2 and 26 Hz., and sampled resultant air flow and air pressure at the mouth. The sampling period was 16 seconds in duration; air flow and pressure measurements were made at the rate of 128 Hz. The recorder calculated R t independently for each of the 13 even-numbered frequencies of air movement between 2 and 26 Hz. These values were recorded on a General Electric, Terminet 2030 series printer. We used the average of the 13 values as the value of R,. A more complete discussion of the R, recorder is given elsewhere (18) .
Procedure
We assigned each patient randomly to one of three groups: a fading-plus-feedback group, a feedback-only group, and a control group. Random assignment was restricted only in that an equal number of patients was assigned to each group. For taking part in the experiment, each patient received credit in an undergraduate psychology class. Each patient attended an interview session and three laboratory sessions: baseline, training, and posttraining. The interview session was scheduled 1 week prior to the first laboratory session. The purpose of the interview was twofold: to document asthma history, and to familiarize patients with the respiratory resistance recorder. For each patient, the three laboratory sessions were conducted at the same time on 3 successive days.
Each laboratory session began with a measurement of R t . Prior to measurement, we described the R, recorder and demonstrated its use. We asked each patient to breathe normally into the R e recorder for approximately 20 seconds. During the measurement, we asked participants to seal the lips tightly around the mouthpiece, to hold the cheeks firmly with the hands, to keep the tongue down, and to avoid swallowing while breathing into the recorder. We took three R, measurements at the beginning of each laboratory session and retained the best of the three for subsequent analysis. For some of the measurements, abrupt changes in either air flow or pressure resulted in erroneous values of R,. These errors appeared as missing values for one or more of the 13 oscillation frequencies. We discarded averaged R t values that were based on the resistance at fewer than 9 of the 13 air oscillation frequencies. When we discarded an averaged value, we repeated the measurement.
We measured the ability of patients to discriminate between added loads during both the baseline and the posttraining session. The procedures followed in the two sessions were identical. The experimenter directed the patient to sit in a straight-hacked chair located in front of the apparatus used to measure sensitivity to • added loads. Pairs of loads, each consisting of the standard load and a comparison load, were presented to the subject. Each resistive load was applied for two breaths; resistive load pairs were applied during four consecutive breaths. Prior to the presentation of the first member of each resistive load pair, the experimenter cued the patient by saying "first". After the patient inspired twice through the first resistance, the experimenter said "second", a cue to the patient that the second resistance was being presented. The patient then inspired twice through the second resistance. Between pairs of resistance loads, the patient indicated which load, the first or the second, was the standard. The patient communicated his or her judgment by holding up one or two fingers. The judgments of the patients were recorded by the experimenter on printed response forms. To prevent the research participants from witnessing the operations associated with selection of resistive loads, the presentation of the loads was controlled by an experimental assistant who was located in a room adjacent to the subject room. The average length of all sessions was approximately 1 hour.
We divided each baseline and posttraining session into 10 segments. We called each segment a trial. Within each trial, the patient compared the standard load with each of the comparison loads 10 times. The order of the loads compared with the standard was determined randomly. Group assignments were made at the end of the baseline session.
In the training session, we followed procedures designed to improve discrimination of resistive loads. Patients in the fading condition compared the standard load with the comparison loads in a serial order, from the comparison load with the highest resistive value to the load with the lowest resistive value. Progression to a lower resistive load was made when the patient correctly identified the standard load 90% of the time. Wo gave the patient six trials to achieve the 90% goal; each trial consisted of 10 comparisons of the same two resistive loads. If the criterion was not achieved by the end of the sixth trial, training was terminated.
During the training session, the individuals in the fading group were informed by the experimenter as to the accuracy of their responses. Individuals in the feedback-only group were treated similarly during the training session except for the order of the resistive loads they were asked to compare. Unlike individuals in the fading group, patients in the feedback-only group were asked to compare the standard load with comparison loads presented in a randomly determined order. Patients in the control group also compared standard and comparison load pairs presented randomly. Feedback concerning accuracy of responses was given to individuals in the feedback-only group but not to individuals in the control group.
After the posttraining session, we interviewed each patient to ascertain how the sensation of breathing through resistive loads mimicked the feelings associated with an asthma episode. In addition, we asked each patient how far in advance they could predict an upcoming asthma episode; up to 10 minutes, 10 to 30 minutes, or longer than 30 minutes.
RESULTS
Most patients exhibited improvement in discrimination of resistive loads from baseline to posttraining, but there was a differential effect of training. Patients in the fading-plus-feedback group improved more in their discrimination of external resistive loads than patients in either the feedback-only group or the control group. The improvement in number of correct discriminations from baseline to posttraining for patients in the fading group was 13.2, from 76.1 at baseline to 89.3 at posttraining. In comparison, patients in the feedback-only group exhibited an accuracy improvement of 7.3 correct responses, from 78.2 at baseline to 85.5 at posttraining, and patients in the control group exhibited an accuracy improvement of only 3.3 correct responses, from 78.0 at baseline to 81.3 at posttraining. Examination of the results by resistive load revealed that the greatest improvement shown by fading group subjects occurred predominantly on the easier discriminations, ie, where large differences existed between the standard and comparison load. Our conclusions were supported by a significant groups-by-sessions inter-action, F=(2, 42)=4.49, p < .05, from a three-way analysis of variance testing the effects of group assignment (3 levels), session (2 levels; baseline vs. posttraining), and resistive load (10 levels), and by subsequent tests of the interaction. The latter consisted of independent evaluation of the effects of sessions and resistive loads in each of the three groups. The two-way analysis of variance of the scores of patients in the fading-plus-feedback group revealed a significant increase in accuracy of discrimination from baseline to posttraining, F{1O, 5)=6.38, p < .05. The increase was reliable for 7 of the 10 resistive load comparisons. By contrast, patients in both the feedback-only and control groups showed no statistical improvement in discrimination from baseline to posttraining. Other significant terms from the three-way analysis of variance included: sessions, F(l, 42)=22.95, p < .01, and resistive loads, F(9, 34)=36.24, p < .01. These findings reflected greater discrimination ability during posttraining as compared to baseline, and superior performance on the easier discrimination tasks. The group means of accuracy of judgments by patients for each resistive load in baseline and posttraining are shown in Figure 1 .
We investigated the relationship between a patient's internal respiratory resistance and discrimination ability in two ways. First, to explore the contribution of internal respiratory resistance on discrimination, we correlated patients' R, scores with their discrimination scores independently for baseline and posttraining sessions. The Pearson product-moment coefficient of correlation between Rj and number of correct responses was consistently low: r(43)=.O63 for baseline and 443)=.214 for posttraining. Neither value differed statistically from zero. Second, to determine whether changes in internal respiratory resistance were produced by changes in discrimination, we examined Rj scores in a 3 X 3 repeated measures analysis of variance testing effects due to group assignment and experimental session. The analysis yielded no statistically significant terms.
In the postexperiment interviews, 38 patients reported that breathing through external resistive loads mimicked sensations accompanying an asthma attack; the higher resistive loads were more closely associated with symptoms of asthma than were the lower resistive loads. The ability of patients to predict asthma was variable: 24 patients, approximately half the sample, said they could predict occurrence of an attack no sooner than 10 minutes prior to the attack; 15 patients said they could predict occurrence of an attack up to 30 minutes prior to its onset; and 6 patients said they could predict occurrence of an attack more than 30 minutes prior to its onset.
DISCUSSION
The reliable improvement we observed in ability of asthma patients to discriminate between added resistive loads was limited to individuals in the fading-plus-feedback condition. This finding may be interpreted in one of two ways: either that both fading and feedback were essential elements in discrimination training, or that fading accelerated the affect of feedback in training. We favor the latter interpretation for two reasons. First, the patients in our feedback-only condition evidenced a trend toward improved discrimination, suggesting that additional feedback training might have resulted in reliable improvement in discrimination. Second, in earlier research (14) , improved ability to detect the presence of a resistive load, a task similar to the task we used in the present experiment, followed feedback training. On the basis of these considerations, we concluded that the addition of fading to our training procedure served to accelerate discrimination between added resistive loads.
The ability of patients to discriminate between added resistive loads may improve the effectiveness of asthma self-management. Because an increase in air flow obstruction reliably signals the onset of asthma, enhanced sensitivity to obstruction ensures earlier detection of asthma and thereby has the potential to hasten initiation of asthma self-management. The improvement we observed in the ability of asthma patients to discriminate between added resistive loads suggested that sensitivity to developing asthma is subject to modification. But improved sensitivity to air flow obstruction in asthma patients does not guarantee clinical benefits. Anticipation of the latter may follow only from a positive outcome of appropriate clinical research.
The relationship between degree of perceptual improvement and initial level of air flow resistance is of interest in evaluating the effect of asthma severity on air flow perception training. We found no relationship between the two quantities; the degree of a patient's improvement was independent of his or her initial R t level. Indirect support for this finding was provided by a study of perception training of healthy individuals, a group with lower air flow resistance levels than asthma patients; healthy individuals exhibited improvement in perception of respiratory loads comparable to that of asthma patients in the present study (15) . The apparent lack of relationship between degree of improvement and air flow resistance suggests asthma severity does not affect perception training. But this consideration should not deter efforts to study discrimination training throughout a wide range of asthma severity. Our use of a relatively homogeneous patient population in the present study precluded direct evaluation of the affect of asthma severity on discrimination training.
For the application of perception training, no issue is more important than the transfer of training question: Does improvement in ability to discriminate between added loads generalize to improved ability to detect internal changes in air flow obstruction? Air flow obstruction that occurs in asthma may be perceived differently than the obstruction by added loads. If this is the case, improved sensitivity to added loads is not applicable to the management of asthma. Some data we collected suggested that internal and external air flow obstructions are perceived similarly. The majority of our subjects reported that the perceptual qualities associated with breathing through added loads were similar to those they experienced during asthma.
Even if added resistive loads mimic asthma, training for improvement in sensitivity of added loads may not benefit asthma management. It is possible that change in air flow obstruction associated with asthma occurs so gradually that is goes unnoticed until it is severe. But the wide range we observed in ability to predict asthma suggests this is not the case. Some of our subjects reported ability to forecast occurrence of asthma by 30 minutes or more. In all likelihood, these individuals were responding to worsening air flow obstruction before it became severe. A primary benefit of perception training may be that it increases the length of the warning period a patient has prior to the onset of an attack.
If perception training is considered seriously for inclusion in asthma self-management, the question of type of training must be answered: Should we aim for lowering absolute or difference thresholds? Speculation about this question may be premature. One reason to consider the use of difference training, however, is that it provides experience in judging higher levels of air flow obstruction than does absolute threshold training. On the other hand, the two forms of training are so similar that they may yield equivalent improvement in perception of air flow obstruction.
